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(54) SEMICONDUCTOR MEMORY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce an occupying 
area of a resistor element by performing connection to a 
neighboring diffused layer via an electrode for the 
resistor element and; a contact for the resistor element 
sequentially connecting contacts for a plurality of the 
resistor elements through an electrode for the resistor 
element and a diffusing layer, and constituting the 
resistor element. 

SOLUTION: At the same time of formation of a 
capacitor contact hole 1 19a of a memory cell region 
101a and a storage electrode 112a, a contact hole (RC) 
1 19c for a resistor element and a resistor-element 
electrode (electrode) 112c are formed on an n+-type 
source/drain region 106 of a peripheral circuit region 
101b, so as to be connected to the neighboring region. 
The resistor element is formed by connecting the region 
106c, the capacitor contact hole 1 19a and the electrode 
112c for the resistor element An aluminum wiring 
electrode 1 15c is connected to a drawing region 106d 

via a contact hole 120 and further connected to the electrode 112c via the drawing region 106d 
and the RC 119c. The connection is performed from the electrode 112c via the RC 119c to the 
neighboring region 106c. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect 
the original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim l] The semiconductor device characterized by to have had the contact for 
resistance elements for connecting the electrode for resistance elements on the diffusion 
layer on the front face of a substrate, and the insulating layer prepared on the 
aforementioned substrate, to have connected with the next aforementioned diffusion 
layer through another contact for resistance elements linked to the aforementioned 
electrode for resistance elements and the aforementioned electrode for resistance 
elements which extend even in the position on the next diffusion layer, to have 
connected two or more contacts for resistance elements with the electrode for resistance 
elements one after another through a diffusion layer, and to constitute a resistance 
element. 

[Claim 2] The semiconductor device according to claim 2 characterized by what the 
resistance element of the aforementioned circumference circuit section of the 
semiconductor device with which the aforementioned resistance element was equipped 
with the memory cell array equipped with two or more memory cells of stack type 
capacitor structure and the circumference circuit section is constituted, the 
aforementioned contact for resistance elements consists of the same material as 
capacity contact of the aforementioned stack type capacitor, and the aforementioned 
electrode for resistance elements consists of the same material as a part of electrode of 
the aforementioned stack type capacitor. 

[Claim 3] The semiconductor device according to claim 2 characterized by using the pad 
layer for contact cash drawers formed in the interval section of the word line of the 
memory cell section equipped with the aforementioned stack type capacitor as a 
conductor film for resistance elements of the aforementioned circumference circuit 
section. 

[Claim 4] The semiconductor device according to claim 1 characterized by having had 
the contact for cash drawers which connects a wiring layer and the diffusion layer for 
cash drawers on the aforementioned front face of a substrate, and considering the 
aforementioned diffusion layer for cash drawers, and the aforementioned electrode for 

-1- 
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resistance elements as the composition connected by the aforementioned contact for 
resistance elements. 

[Claim 5] the aforementioned contact for resistance elements - connection of the 
aforementioned insulator layer - a semiconductor device given in any 1 of claim 1 **** 4 
which embed polycrystal silicon at a hole, are formed and are characterized by the bird 
clapper 

[Claim 6] The semiconductor memory characterized by what a part of accumulation 
electrode in the memory cell equipped with the stack type capacitor and capacity 
contact are used as the electrode for resistance elements in the circumference circuit 
section, and resistance element contact, and the high resistance element of the 
aforementioned circumference circuit section is formed for by connecting through a 
diffusion layer. 

[Claim 7] The semiconductor memory characterized by having the resistance element 
which consists of structure which connected the contact which connects the lower 
electrode of the aforementioned stack type capacitor, and the diffusion layer of a 
memory cell transistor as a member for connection between the diffusion; layer formed 
in the front face of a semiconductor substrate, and the lower electrode of the stack type 
capacitor formed into the layer insulation film, and arranged these in series. 
[Claim 8] Stack type capacitor. The accumulation electrode which constitutes this. The 
cell array section which consists of an array of the memory cell containing the contact 
portion which connects the diffusion layer for memory cells, and the aforementioned 
accumulation electrode and the aforementioned diffusion layer for memory cells, and 
the circumference circuit section which contains a resistance element at least. It is the 
semiconductor memory equipped with the above, and the aforementioned resistance 
element carries out the series connection of the contact for resistance elements which 
connects the electrode for resistance which consists of same members as the contact 
portion which connects the aforementioned accumulation electrode, the aforementioned 
diffusion layer for memory cells, and the aforementioned accumulation electrode and 
the aforementioned diffusion layer for memory cells, a diffusion layer, and the 
aforementioned resistance electrode and the aforementioned diffusion layer, and is 
characterized by the bird clapper. 

[Claim 9] The semiconductor memory according to claim 1 to which the aforementioned 
electrode for resistance i6 characterized by consisting of same members as a part of 
aforementioned accumulation electrode. 
[Detailed Description of the Invention] 
[0001] 
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[The technical field to which invention belongs] Especially this invention relates to the 
semiconductor device which contains (DRAM) in dynamic random access memory about 
a semiconductor memory. 
[0002] 

[Description of the Prior Art] In the semiconductor device containing an MOS transistor, 
when a voltage stabilizer including a feedback function like for example, voltage 
detection or an AD(analog to*digital) DA (digital analog) conversion circuit is contained, 
a resistance element is needed for the circuit which constitutes this semiconductor 
device. 

[0003] It is desirable that high resistance is required for these resistance elements in 
order to reduce change of the current by the current which flows a resistance element, 
and there are few errors of the resistance for which it depends on the fluctuation of a 
manufacturing process (variation) further, for example, the resistance which is 1 M 
omega • about 10 M omega is demanded. 

[0004] the 0.2um(s) (micrometer) design rule grade demanded these days is detailed - 
with the semiconductor device containing the MOS transistor which turned, the 
conductor film used for a wiring material is in the inclination of the reduction in 
resistance, a gate electrode consists of metal polycide films a metal silicide film comes to 
carry out a laminating to N+ type polycrystal silicon film, and other lower layer wiring 
tends to consist of metal silicide films 

[0005] For example, also in the semiconductor device containing DRAM which has the 
memory cell of a stack type capacitor, although the main purpose differs from low 
resistanceization with adoption of refractory metals, such as a tantalum oxide (Ta 205) 
film, it is in the inclination transposed to the cascade screen of a titanium- nitride (TiN) 
film and a tungsten silicide (WSi) film, for example from the component N+ type 
polycrystal silicon film of the cell plate electrode of a memory cell. 
[0006] Generally as a component of the above-mentioned resistance element, 2nd N+ 
type polycrystal silicon film separately prepared on the front face of a field insulator 
layer is desirable. In order to reduce relatively the error of the resistance for which it 
depends on fluctuation of a manufacturing process though semiconductor devices, such 
as an MOS transistor, are formed by 0.2um design rule in this case, the resistance 
element is formed with the line breadth of about 0.8 urns. 
[0007] 

[Problem(s) to be Solved by the Invention] In the above-mentioned common 
semiconductor device or the semiconductor device containing DRAM, it has the trouble 
that the occupancy area of a resistance element becomes a remarkable size. For 
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example, when resistance forms the resistance element which is 5 M omega with N+ 
type polycrystal silicon film (the 2nd) whose layer resistance is 50ohms / ** grade in 
about 150nm of thickness, this occupancy area is as follows. For example, if it has the 
gestalt which has the interval of 0.8um(s) and moved in a zigzag direction, an occupancy 
area required for this resistance element will be set to about two 128xl03um. 
[0008] Therefore, this invention is made in view of the above -mentioned trouble, and the 
purpose is in offering the semiconductor device which reduces the occupancy area of a 
resistance element, maintaining relative reduction of the error of the resistance of the 
resistance-element separation which carries out body dependence at fluctuation of a 
manufacturing process for achievement of detailed-izing of a semiconductor device. 
[0009] 

[Means for Solving the Problem] In order to attain the aforementioned: purpose, the 
semiconductor device of this invention is characterized by to have had the contact for 
resistance elements for connecting the electrode for resistance elements on the diffusion 
layer on the front face of a substrate, and the insulating layer prepared on the 
aforementioned substrate, to have connected with the next diffusion layer through the 
aforementioned electrode for resistance elements, and another contact for resistance 
elements, to have connected two or more contacts for resistance elements with the 
aforementioned electrode for resistance elements one after another through the 
diffusion layer, and to constitute a resistance element. 

[0010] In this invention, it consists of a resistance element of the aforementioned 
circumference circuit section of the semiconductor device with which the 
aforementioned resistance element was equipped with the memory cell array equipped 
with two or more memory cells of stack type capacitor structure, and the circumference 
circuit section, and the aforementioned contact for resistance elements is characterized 
by what the aforementioned electrode for resistance elements consists of the same 
material as the lower electrode of the aforementioned stack type capacitor in the same 
members as capacity contact of the aforementioned stack type capacitor. 
[0011] In this invention, the pad layer for contact cash drawers formed in the interval 
section of the word line of the memory cell section equipped with the aforementioned 
stack type capacitor is used as a conductor film for resistance elements of the 
aforementioned circumference circuit section. 
[0012] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained, 
this invention is set in the gestalt of the desirable operation. The diffusion layer on the 
front face of a substrate (106c of the cross section of drawing 1 , and the plan of drawing 
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3 ), It has the contact for resistance elements (119c of drawing 1 and drawing 3 ) for 
connecting the electrode for resistance elements on the layer insulation film prepared 
on the substrate (112c of drawing 1 and drawing 3 ). It connects with the next diffusion 
layer through another contact for resistance elements linked to the electrode for 
resistance elements which extends even in the position on the next diffusion layer, and 
this electrode for resistance elements (119c of drawing 1 ). Wiring (l 15c of drawing 1 
and drawing 3 ), the contact for drawers (120 of drawing 1 and drawing 3 ), Two or more 
above-mentioned contacts for resistance elements (119c of drawing 1 and drawing 3 ) 
are connected with the electrode for resistance elements (112c of drawing 1 and drawing 
3 ) one after another through a diffusion layer (106c of drawing 1 and drawing 3 ), and 
the resistance element of desired resistance consists of diffusion layers for drawers 
(I06d of drawing 1 and drawing 3 ). This is enabled to increase the resistance to a 
superficial occupancy area, and it becomes easy to reduce the occupancy area of a 
resistance element. 

[0013] In the gestalt of operation of this invention, it consists of a resistance element of 
the aforementioned circumference circuit section of the semiconductor device with 
which the aforementioned resistance element was equipped with the memory cell array 
equipped with two or more memory cells of stack type capacitor structure, and the 
circumference circuit section, the contact for resistance elements consists of the same 
material as capacity contact of the aforementioned stack type capacitor, and the 
electrode for resistance elements (112c of drawing 1 ) consists of the same material as 
the lower electrode (112a of drawing 1 ) of the aforementioned stack type 
[0014] In the gestalt of operation of this invention, a desired resistance element can be 
formed by using the pad layer for contact cash drawers formed in the interval section of 
the word line of the memory cell section as a conductor film for resistance elements of 
the circumference circuit section, turning formation of a memory cell easily. 
[0015] Moreover, it becomes possible to form resistance element sufficient in small area 
by attaching the upper surface and the side of a conductive layer of a conductive layer 
and this layer which constitute a word line for the conductor film for the resistance 
elements of the circumference circuit section so that a wrap insulator layer front face 
may be met. 
[0016] 

[Example] Next, the example of this invention is explained with reference to a drawing. 
Drawing 1 is a cross section for explaining the semiconductor memory of the 1st 
example of this invention, and shows the memory cell field and circumference circuit 
field of a semiconductor memory. 
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[0017] As for the memory cell field of a semiconductor memory, and 101b, in drawing 1 , 
101a is [ the conductivity type of a circumference circuit field and 101 ] a p type silicide 
substrate. 

[0018] The P well 102 is formed in field 101a in which a memory cell array etc. is formed, 
and the field oxide film 103 is formed in the isolation field of the front face of the P type 
silicon substrate 101 including the front face of the P well 102. 

[0019] N well and P well (not shown) are formed in circumference circuit field 101b. In 
addition, it is formed in circumference circuit field 101b, and N well with the depth of 
junction deeper (it is another) than a **** well may be beforehand formed in memory 
cell field 101a. Moreover, an N type silicon substrate may be adopted instead of the P 
type silicon substrate 101. 

[0020] Gate electrode 105a which serves as a word line through the gate oxide film 104 

is formed in memory cell field 101a. This gate electrode consists of a polycide which 

consists of laminated structures of WSi or TiSi, and polycrystal silicon. 

[0021] The gate electrode which is not illustrated [ of the same composition as this gate 

electrode 105a ] is formed also in circumference circuit field 101b. 

[0022] The cell transistor which constitutes a memory cell consists of gate electrode 

105a and n- type source drain field 106a. 

[0023] n+ type source drain field 106c of circumference circuit field 101b constitutes the 
transistor (not shown) of a circumference circuit field. 

[0024] Gate electrode 105a is covered with oxide-film 107a in the upper surface and side, 
respectively, it connects with n- type source drain field 106a at a memory cell - as - bit 
line contact - a hole 118 and capacity contact - a hole - 119a is formed 
[0025] bit line contact - a bit line 110 is connected to a hole 118 this bit line contact - a 
hole 118 and capacity contact - polycrystal silicon is embedded at hole 119a 
[0026] capacity contact - accumulation electrode 112a is connected to hole 119a, and a 
cell capacitor is formed in it with the capacity insulator layer 113 and the cell plate 114 
[0027] The cell plate 114 consists of a laminated structure of WSi film 114a and TiN film 
114b. These structures are isolated between the 1st layer by the insulator layer 109, the 
insulator layer 116 between the 2nd layer, and the insulator layer 117 between the 3rd 
layer. Moreover, aluminum wiring 115of memory cell field 101a a becomes a component 
for choosing a word line. 

[0028] capacity contact of these memory cell sections - a hole - the formation [ of 119a 
and accumulation electrode 112a ], simultaneously n+ type source drain fidld 106c top of 
circumference circuit field 10b - the contact for resistance elements - a hole -* 119c and 
electrode 112c for resistance elements form so that adjoining n+ type source drain field 
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may be connected in series 

[0029] That is, accumulation electrode 112a and electrode 112c for resistance elements 
are the same material, and it is formed at the same process. 

[0030] moreover, capacity contact - a hole - 119a and the contact for resistance 
elements - a hole * 119c and embedded polycrystal silicon are formed at the same 
process by the same material 

[0031] thus, a resistance element - n+ type source drain field 106c and capacity contact 
- a hole - 119c and electrode 112c for resistance elements are connected, and it is 
constituted 

[0032] 106d of n+ type source drain fields for cash drawers and contact for connecting a 
resistance elemeint with external wiring at drawing 1 a hole 120 and aluminum 
wiring 115c are shown 

[0033] These connection relations are explained with reference to the plan of the 
resistance-element section shown in drawing 3 . In addition, circumference circuit field 
101b of drawing 1 is the cross section of the direction of an A- A line in drawing 3 . 
[0034] It connects through a hole 120. from aluminum wiring 115c - pulling out 
business - 106d of n+ type source drain fields - contact - 119c is minded. 106d of n+ 
type source drain fields for cash drawers - leading - the contact for resistance elements 
- a hole - 119c - minding - electrode 112c for resistance elements - connecting - 
moreover, the contact for resistance elements from this electrode 112for resistance 
elements c •* a hole - the contact for resistance elements which has a high resistance 
field by connecting with the next n+ type source drain field 106c - a hole - 
incorporating 119c to a resistance element continuously - a facet - resistance [ **** ] is 
securable by the product 

[0035] According to the first example of this invention, the not use of a superficial 
resistive layer but height direction in a device (perpendicular direction) like before can 
also be used as a! resistance element, and has the operation effect of securing the length 
of an efficiency-resistance element. 

[0036] For example, if it forms by 0.2um design rule, the direction formed in the array 
(size relation) as the memory cell field formed simultaneously with the same array of n+ 
type source drain field 106c can reduce relatively the error of the resistance depending 
on fluctuation of a manufacturing process, and can also reduce occupancy area. 
[0037] About reduction of the occupancy area of the resistance element: which is the 
main purpose of this invention, this example does the following operation effects so. 
[0038] The longitudinal direction of n+ type source drain field 106c serves as [ an 
interval with 0.2um(s) and the contiguity section ] 0.8um(s), and width of face serves as 
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0.2um(s). Resistance of the contact for resistance elements is about lkohm, and since 
layer resistance of n+ type source drain field 106c is lOOohm/**, as for the occupancy 
area of a 5 M omega resistance element, layer resistance of 150ohm/**, and the 
electrode for resistance elements is set to about two 40x2 lum by it. 
[0039] Drawing 2 is a cross section for explaining the semiconductor memory by the 
second example of this invention. 

[0040] In drawing 2 , the same reference mark is given to the element the same as that 
of drawing 1 , or equivalent. When drawing 2 is referred to, the difference between the 
second example of this invention and the first example shown in drawing 1 is a point 
that accumulation electrode 112a of the first example of the above is constituted from 
the second example by being replaced with 112f of cylindrical accumulation electrodes, 
and the structure with which 112g of electrodes for resistance elements constitutes 112d 
of plinths of the 112f of the aforementioned cylindrical accumulation electrodes. 
[0041] Since layer resistance of the electrode for resistance elements explained in the 
first example of the above serves as 400ohms / ** grade according to this second 
example, the occupancy area of a resistance element becomes reducible from the first 
example of the above further, for example, is set to about two 40x1 lum. 
[0042] furthermore, the contact for resistance elements - since especially the resistance 
of the contact for resistance elements is changed by the concentration of polycrystal 
silicon and the heat treatment temperature which joins this embedded at the hole, it 
can constitute a resistance element from occupancy area [ **** ] also to reduction of the 
element in chip level further with it 
[0043] 

[Effect of the Invention] As explained above, according to this invention, the effect 
which is the occupancy area of a resistance element of being reducible is done so. 
[0044] The reason is as follows. Contact embedding the polycrystal silicon which 
connects the diffusion layer formed on the surface of the silicon substrate in this 
invention, the lower electrode of the stack type capacitor with which especially high 
resistance is obtained considering the lower electrode of the stack type capacitor formed 
into the layer insulation film as a member for connection, and a diffusion layer was 
connected, and the resistance element which consists of structure which arranged these 
[ all ] in series is prepared. This is enabled to increase the resistance to a superficial 
occupancy area, and it becomes easy to reduce the occupancy area of a resistance 
element. 

[Brief Description of the Drawings] 

[Drawing l] It is the cross section showing the composition of the first example of this 
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invention. 

[Drawing 2t It is the cross section showing the composition of the second example of this 
invention. 

[Drawing 3] It is the plan showing the composition of the first example of thi6 invention. 
[Description of Notations] 
101a Circumference circuit field 
101b Memory cell field 

101 Silicon Substrate 

102 P Well 

103 Field Oxide Film 

104 Gate Oxide Film 
105a Gate electrode 

106a n- type source drain field 

106c n+ type source drain field 

106d n+ type source drain field for cash drawers 

107a Oxide film 

109 Insulator Layer between 1st Layer 

110 Bit Line 

112a Accumulation electrode 

113 Capacity Insulator Layer 

114 Cell Plate 

114a Titanium nitride film 
114b Tungsten silicide film 
115a, 115c Aluminum wiring 

116 Insulator Layer between 2nd Layer 

117 Insulator Layer between 3rd Layer 

118 Bit Line Contact - Hole 
119a capacity contact •* a hole 
120 Contact - Hole 
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